Introduction
[2] The Changjiang (Yangtze) River, the fifth largest river in the world in terms of water discharge, empties into the northwest corner of the East China Sea (ECS), one of the largest fisheries in the world. Annual water discharge reaches 924.8 Â 10 9 m 3 y À1 , and the nutrient flux of inorganic nitrogen (N), phosphate (P) and silicate (Si) is 6.1 Â 10 10 , 7.7 Â 10 8 , and 9.4 Â 10 10 mole y
À1
, respectively [Tian et al., 1993; Liu et al., 2003; Duan et al., 2000] . Fresh water discharge before 2003 peaked between June and August, during which time the mixing of fresh water and seawater forms the Changjiang Diluted Water (CDW) zone in the ECS [Beardsley et al., 1985; Gong et al., 1996; Chen et al., 2003] . The CDW generally has a salinity of less than 31 psu, and as being influenced by the southwest monsoon, it is widely distributed throughout a trapezoidal region within the 60-m isobath between the latitudes of 27 and 32°N (Figure 1 ). This traditionally nutrient-rich (TNR) region has been characterized by high primary productivity (PP), which develops beyond the turbid zone associated with the river mouth [Gong et al., 2003] . For this reason, the ECS has become an extremely rich fishing ground and an important sink for atmospheric CO 2 [Tsunogai et al., 1999; Peng et al., 1999; Chen and Wang, 1999] .
[3] Notwithstanding the wealth and the importance of the ECS, the construction of the Three-Gorges Dam (TGD) was begun in 1994 about 2000 km upstream from the mouth of the Changjiang River, with the first filling stage of the reservoir completed in June 2003. Slated to begin full-scale operations in 2009, this dam will be the largest dam in the world. The TGD will have important positive effects, such as controlling flooding, aiding navigation, and hydroelectricity, but it will also change sediment loading, seasonality of flow rate and nutrient flux to coastal area (W. C. Jones and M. Freeman, Schiller Institute Great Infrastructure Projects, Three Gorges Dam, 2005, available at http:// www.schillerinstitute.org/economy/phys_econ/phys_ econ_3_gorges.html, hereinafter referred to as Jones and Freeman, 2005) . According to previous high-frequency investigations, high PP usually appears in the TNR region of the ECS between June and August (i.e., flood season) due to high nutrient loading and appropriate growth conditions [Gong et al., 2003] . However, there is little published data to show how the ecosystem of the TNR region in the ECS is affected by the construction of the TGD. In this paper, we will report the preliminary response of the ECS's ecosystem to the construction of TGD, especially in terms of shifts in river discharge, nutrient flux, sediments loading, PP, and phytoplankton species shift. This paper will also help in our understanding of how marine ecosystems are influenced by giant dam construction.
Sampling and Methods
[4] The data presented in this study were collected from six cruises between June 1998 and July 2004 on board the R/V Ocean Researcher I. The date of each of the six was arranged in summer, because the summer cruises are the time of maximum river discharge and hence the biggest signal in the reduction in the river discharge after damming. The stations where samples were taken on each cruise (except for July 2001) are shown in Figure 1 . Nutrient (silicate and nitrate), chlorophyll (Chl a) concentrations and light-saturated PP were measured according to Gong et al. [1996 Gong et al. [ , 2003 . The abundance of algal groups was determined using CHEMTAX, a matrix factorization routine for calculating algal class abundances based on the concentrations of diagnostic Chl a and pigments [Jeffrey et al., 1997; Li et al., 2002] .
Results and Discussion

River Discharge, Salinity, Nutrient Flux and Sediment Loading
[5] It has been observed that many river dams significantly cause significant reduction of water flux, by up to 75% reduction in water flow [e.g., Milliman, 1997] . The annual discharge of the Changjiang River pre-and post-TGD construction did not show a significant change (a reduction of about 9%) based on recent data from the Datong station, in the lower reaches of the Changjiang River [Bureau of Changjiang Hydrography, 2003]. The current reservoir storage volume of the TGD, the average evaporation rate and average discharge in the flood season were estimated as 10, 1.2 and 110 G (1G = 10 9 ) m 3 month
À1
respectively. The ratio of current storage volume plus evaporation only accounted for 10%, to the discharge suggesting that the discharge of Changjiang River was not significantly affected by the TGD. However, the observed phenomenon (i.e., sudden reduction of the CDW in the flood season) is not supported by the river discharge calculations. This may have the following causes: (A) flow rate of the Changjiang River might be significantly reduced, and thus river waters are accumulated near coastal areas around the mouth and adjacent areas of the Changjiang River (Jones and Freeman, 2005) , (B) the Changjiang River water during the flood season will be stored in the TGD and released to aid navigation during the drought season [Liu and Jiang, 2002] , (C) it was reported that ''a gigantic watertransfer scheme'' from the Changjiang River that transported water to northern cities was conducted in 2004, but the specific volumes and dates are not known (Three Gorges Probe, Drought, pollution could jeopardize water-transfer scheme, 2003, available at http://www.threegorgesprobe.org/tgp). Besides these possibilities, ground water infiltration and increased economic activity may also cause a sudden reduction of the CDW during the flood season.
[6] The average dissolved N flux was 10 Â 10 9 mole month À1 to the CDW prior to the TGD construction in the flood season and the estimated dissolved N concentration was 43 mM in the CDW assuming that N is not taken up by marine organisms [Liu et al., 2003; Gong et al., 2003] . However, the average observed dissolved N concentration (14 mM) in the CDW was significantly lower than this estimated value. The estimated silicate (Si) concentration was 39 mM and the average observed Si was 13 mM. The results suggest that the Changjiang River is indeed the major source of N and Si in the CDW before the TGD construction. In the July 1998 survey, the Si concentrations near the mouth of the river reached more than 30 mM and they were negatively correlated to salinity with a mean Si:N ratio of 1.5 (Figure 1a) . The high levels of these nutrients led to a high abundance of phytoplankton in the CDW, thus accounting for the regularly observed high Chl a concentrations, which can be as high as 8 mg m À3 at locations southeast of the Changjiang River mouth (Figure 1b) .
[7] The first filling phase of the reservoir of the TGD was completed on June 11, 2003, but at that time, our oceanographic survey did not detect any significant changes in salinity, Si and Chl a concentrations (Figures 1e and 1f) . When comparing the data from June 2003 (Figure 1e ) to those in July 1998 and in 1992 (Figures 1a and 2) , it was found that in June 2003, the 31 ppt isohaline had moved somewhat closer to shore. Two months after the filling had been completed, however, there were pronounced changes in the ECS. Seawater with a salinity of less than 31 ppt was detected at only 2 stations near the Changjiang River mouth (Figure 1i) . Most of the TNR region previously occupied by CDW [Beardsley et al., 1985; Gong et al., 1996; Chen et al., 2003 ] had now been replaced by saline water. In June 2004, we also observed the smaller CDW zone with lower Si and Chl a concentrations (Figures 1m and 1n) . In July 2004, when water discharge would have reached its maximum, the area of the CDW still had not regained its former size prior to the filling of the reservoir (Figure 2) . In July 2004, nitrate concentrations were still high but Si concentrations remained low (Figure 3 ), resulting in a Si:N ratio decline from 1.5 in July 1998 to 0.4 in July 2004.
[8] The decrease in Si export was expected because lots of sediments were trapped behind the TGD. In 2003, as measured at Yichang (just after the TGD) and Datong, the sediment loading was significantly decreased by 80% and 50% of the average sediment flux, compared to the historical mean, respectively [Bureau of Changjiang Hydrography, 2003] . In other words, other nutrients can be offset by anthropogenic inputs in the downstream of the Changjiang River, but Si supply is significantly reduced by the TGD. The mean ratio of Si:N in more than twenty diatom species ranged from 0.9 to 1.1 [Brzezinski, 1985] . As a consequence, a significant Si:N ratio drop will limit diatom growth and phytoplankton competition, thus resulting in a shift of phytoplankton composition in the ECS as a result of dam construction [Ittekkot et al., 2000] or coastal eutrophication [Turner and Rabalais, 1994; Dortch and Whitledge, 1992] .
[9] There have only been a few reports on the biogeochemical and ecological changes in coastal waters after the construction of a dam in other locations around the world, but most of these have focused on closed seas or limited open areas [Milliman, 1997; Humborg et al., 1997; Sharaf and Din, 1976] . Our results provide preliminary information that significant changes can occur in a vast area within a few months. Due to flow rate reduction or other factors (see above possibilities), the CDW has been quickly give way to offshore water, while the 11.4 Â 10 4 km 2 productive region formerly occupied by the CDW has been found to shrink to 1.6 Â 10 4 km 2 (Figure 1i ). Whereas many people believe that a closed system, such as the Black Sea, is put at greater risk by a dammed river, the information here obviously substantiates the view that even open systems can be just as greatly impacted and, more importantly, that the openness of the ECS may not provide much buffering capacity.
Primary Production Reduction and Phytoplankton Species Change
[10] Compared to other locations in the ECS, the CDW stations during summer still had relatively high concentrations of Chl a though the size of the Chl a rich region had admittedly decreased (Figures 1f and 1j) . PP also showed a Figure 2 . Trends in the change in the size of the Changjiang Diluted Water (CDW) zone associated with the filling of the reservoir of the TGD over time. CDW size was measured as the distance between shore and the 31 psu isohalines along the latitude of 31.5°N. The data for 1982 and 1992 were from Beardsley et al. [1985] and Gong et al. [1996] . (Figure 1k ). In 2004, there was a modest recovery in PP (Figure 1o ). The invasion of offshore water drastically changed the production rate in the TNR region. While light-saturated mean PP was 18.8 mgC m À3 h À1 in July 1998, it had decreased 86% by August, 2003 . This is partly dependent on the unproductive (ca. 1 mgC m À3 h
À1
) offshore water, which had become the dominant water mass by that time. Summer is the most vulnerable season since during this time the greatest reduction in river is observed as a result of increased water usage. This, in turn, cuts the nutrient supply to phytoplankton during their rapid growth season, when the demand for nutrients is naturally at its highest. Even in July 2004 when the CDW had expanded, the mean value of the production rate in the TNR region was only half of that in 1998.
[11] Before the construction of the TGD, diatoms (Figure 1  and Table 1 ) have been the most abundant phytoplankton species in the CDW [Furuya et al., 2003] , the species composition of phytoplankton was greatly altered in the CDW zone due to changes in nutrient ratios (e.g., decline of the Si:N ratio from 1.5 to 0.4). We propose that the phytoplankton community changes because of Si limitation. As determined by pigment analysis, the size of the region, where diatoms are the dominant species had been significantly reduced from June 2003 to August 2003 ( Figures 1h  and 1l) ; and dinoflagellates that normally occurred in the coastal zone had almost disappeared within a few months of the filling of the reservoir (Table 1) . Meanwhile, flagellates, such as prymnesiophytes, cryptophytes and chrysophytes had become the dominant species in the CDW zone (Table 1) . It is suggested that phytoplankton assemblages in the CDW were indeed affected by the construction of the TGD. 
